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ON THE STABILITY AND CONTROL CHARACTERISTICS OF A
0.015-SCALE SPACE .SHUTTLE.ORBITER MODEL IN THE
AMES RESEARCH CENTER 3.5-FOOT HYPERSONIC WIND TUNNEL (OAT73)
By T. J. Dziubala and John Merroquin
J. W. Cleary® and J. A. Mellenthin®

ABSTRACT

An experimental investigation was performed in the Ames Research
Center 3.5-Foot Hypersonic Wind Tunnel (Test OAT3) to obtain detailed
effects which interactions between the RCS Jet flow field and the local
orbiter flow field have on orbiter hypersonic stability and control char-
acteristics. Six-component force data were obtained through an angle-
of-attack range of 15 to 35 degrees with 0° angle of sideslip. The test
was conducted with yaw, pitch and roll Jet simulation at a free-stream
Mach number of 10.3. These date simulate two (2) SSV re-entry flight con=-
ditions st Mach numbers of 28.3 and 10.3. Fuselage base pressures and
pressures on the non-metric RCS pods were obtained in addition to the

basic force measurements. Mode} 42-0 was used for these tests.

® NASA Ames
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] NOMENCLATURE ’
Qeneral
SADSAC
L EQEOL SYMBOL DEVINITION
f s speed of sound; a/sec, ft/sec

op cP pressure coefficient; (P - pe)/Q
t X MACH Msch number; V/s
| S ) prossure; X/u?, pef
’ qQ gélﬂ(; dynsmic pressure; 1/2pVe, N/af, psf
: sy

RE/L RE/L unit Reynolds number; per m, per ft

velocity; n/sec, ft/sec '

sngle of attack, degrees

sngle of sideslip, degrees

sngle of ysw, dagreos

sngle of roll, degrees

mess density; kg/m3, slugs/fed
Reference & C.G. Deflnitions

bese ares; m2, £t2

wing spen or reference span; m, ft
center of gravity

reference length or ving mesn
aerodynmic chord; =, ft

ving area or refarance ares; 12, £
monent nt-ruzn point

soasnt reference point on X axis

' 3 T
oy seweggpree e R
¢ N s coppe ’."~.; aann o~ SU L R TR ot oA R I
® mg- 6 o > v e ™B <
[ ]
>
HEEg

wont reference point on Y axis ... .-

momant reference point on 'z axis

base

locel

static conditions
total conditions
free stresn

g o
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NOMENCIATURE (Continued)

-Axis Syster

DEFINITION

normsl-force coefficient; Rormel force

exisl-force coefficient;

side-force coefficient;

base-force coefficient;

'Ab(pb - Pa)/qs

q8
axial force
q8
side force
q8
bsse force
qs

forebody uxiel force coefficient, Cp - cAb

pitching-moment coefficient; L_.gz._“mn moment
SEREF
ysving-moment coefficient; ﬂ_ﬁas_uq DOBEL ¢

rolling-moment coefficient; rolli:g noment

Stebllity-Axis System

11ft coefficient; %
dreg coefficient; drag
. q8

base-drag coefficient; b_____uzsdrag

forebody drag coefficient; Cp - cDb

side-force coefficient; Side force

q8

pitching-moment coefficient; E_IQ_’-“M'! moment
QELREF
yavwing-moment coefficient; L_&ér__“inq moment

rolling-moment coefficient; "°u:° Doment

11ft-to-drag ratio; Cp/Cp
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SYMBOL

RN/L

XCE/L

BOFLAP
ELEVOUR
SPDERK

EPSILOR

NOMENCLATURE (Continued)

ADDITIONS TO STANDARD LIST

DEFINITION

OMS pod base area, ft?

freestrear total pressure, psia

model RCS plenum chamber pressure, psia
freestrean totsl temperature, °R
freestrean unit Reynolds number, per foot

longitudinal center of pressure location,
fraction of body length

body flap deflection angle, deg.
elevon deflection angle, deg.
speed dbrake deflection angle, deg.

model OMS nozzle expansion ratio




INTRODUCTION

Investigations were performed.to determine interaction effects of
keaction Control System (RCS) flow on—the aerodynamic characteristics of
the Space Shuttle Vehicle (SSV) orbiter. These tesis were performed in
the Ames Research Center (ARC) 3.5-Foot Hypersonic Wind Tunnel on a 0.015-
scale model of the SSV Configurstion 3L orbiter. Orbiter model L2-0 was
used for this test.

Nominal freestream test conditions were Mach = 10.3 and & unit
Reynolds number of 1.74 miliion per foot.

These test data are applicable to two points in the reentry trajectory:
6

M q~psf ®R x 10 Altitude ~ft
?8.3 20 0.688 253,000
10.3 106.7 5.89 168,000

Camplete simulation of the RCS jet/free-stream interaction would
require exact duplication of both the above conditions and the mass flow
ratio, momentum, pressure, thrust and plume shape of the RCS jets. The
simulation or all these conditions in a scaled-model test is not possible
and, therefoie, those conditions which were considered of primary signif-
icance vere gimulated.

The Hypersonic Mach Number Independance Principle (reference 12,
vhich states that at very large values of M |, the flovw pattern and pressure
coefficients on a body are independent of M-) vas used as a besis for
applying results obtained at M » 10.3 to the M = 28 case.

Based upon the Secondary Injection Momentum Principle for injection
* Reynolds number based on orbiter length (107.5 ft.)

7




. N

N4

e

v gy B e -

of a Jet perpendicular to the free~stream, the dominant parameters affect-
ing interaction forces are the jet momentum and jet pressure. Mass flow
rate ratio and jJet plume shape are less important parameters. Thus, the
design of the model no2zles was based entirely on matching jet to free-
stream pressure ratio end momentum ratio.

RCS flow was simulated by blowing jets of cold air from non-metri~
nozzles, attached to the model support sting, in proximity to the fuselage
base. Nozzle combinations which represented pitch, roll, and yaw controls.
vere tested in conjunction with various elevon and body flap control set-
tings. Pitch-up and pitch-down control was simulated with jets floving
only on one side of the model on the assumption that the induced effects
for—two.sides blowing would be twice as great.

The RCS nozzle hardware was designed, built snd calibrated by the
Convalr Division of (ieneral Dynamics, Inc. at San Diego, cuifornia..
Nozzle thrusts were measured using a single-component strain-geuge balance,
All nogzles except ng vere calibrated at ambient atmospheric conditions
and corrected to vacuum conditions. The N19 nozzle wvas calibrated under
near vacuum conditions because of its high expansion ratio. VMass flow
rates were messured using a calibrated orifice meter. Plots of the thrust
calibration data, and corresponding theoretical variations, are presented
in teble V, ' !

For the in-tunnel tests, six-component force data vere measured using
the ARC/Tesk MK XIV B, 1.0-inch diameter internal balance which was sup-

ported by ARC sting No. A13911060, Pressure taps were located within

commms . mem e
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the RCS plenum, at flve points on the plenum base nnd at one point on the

fuselage basc (sec figure 2d4). Model RCS plenum pressure was set to obe

tain desired momentum ratio and pressure ratio on the basis of the thrust
[ calibrations provided by General Dyaamics.,

: I Norma). force static check calibrations; obtained prior to and imme-
diately following,ea.ch run, indicated minimal output 4Arift but both side
force gauges'ﬁxi; the roliing moment gauge exhibited consistent, positive
shifts, on the order of 1/2% of full scale output throughout the test.
pom The character of these shifts is indicative of thermal stresses induced

by heating of the model and balance during the course of each run. Axial

el

force zero shifts were generally within 1/2% of full scale; however for

;. runs 17, 18, 20, 22 to 25, and 27 zero shifts of magnitudes ranging from
; 1/2% to nearly T% of full scale occurred. The cause of these shifts wss
¥ ST not determined but, since the axial force datawere of secondary importance
w: to this test, the balance was-not replaced. For these runs-the level of

i:* axial force was adjusted 8o that with the alr of the RCS jets off the

" axial force conformed with data for other runs known to be valid. This

{ adjustment was made primarily to improve the estimates of pitching moment
i since pitching-moment date is influenced secondarily by the axial force

when momente are transferred to the center of gravity.

Prior to each run, data were recorded with RCS jets flowing (no tun-.
nel flow) to determine direct impingement eflects. With the tunnel flow-
ing, data were then recorded with RCS flow both ... and on at each 5°

increment of angle of attack in the range from 15° to 35°. Thus, even
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though Lie buljance exhibited signlficant shifte the {neremental dntn
que to RC’ flow witn the pocnible exceptlcn of the axial force data,
should be valld since corresponding jet off and Jet on prlnts were ree
corded within a relatively shcrt time span.

Surface flow patterne of the combined tunnel and RCS flowa on the
surface of the model were odtained using a mixture of titanium dioxide
and oil.

Shadowgraph pictures were taken at selected test points.

Seven oil-flow runs and 26 valid force runs were made in the interim

of July 11 to 1€, 1973.

10
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CONFIGURATIONS INVESTIGATED

The test artic'e, provided by Rockwell, was a 0,015-scale model
(number 42-0) or the LT0-000139B SSV orbiter Configuration 3. A three=-
view sketch of the model, showing the principal dimensions, and photographs
of the model installed in the tunnel and the RCS hardware are showr in
figures 2b and 3.

The model wus constructed of Armco 17~k stainless steel and was com-
priced of the following parts: fuselage, canopy, wing and cuff, vertical
tail and orbital maneuvering syétem (OMS) pods. Elevon brackets for 0°,
+15°, -20° and =L0°, body flaps with deflections of 0°, +13.75° and -1L.25°,
and a rudde: with a simulated 40° apeed brake deflection were tested.

The RCS plenum was clamped to the sting at the base of the model;
air loads acting on it and forces produced by the RCS jets were not mea-
sured by the balance. Five interchangeable nozzles, simulating piten,
yew and roll controls as defined in figure 2¢, were built and calibrated
by the Convair diviclion of General Dyramics.

The following nomenclature vas used to designate the model com=

components
Component Definitior
319 Vehicle configuration 3 {139B) fuselage of the
SSV orbiter configuration (VLT70-000139B)
C.r Basic vehicle configuration 3(139) canopy (VL70-000139)
E23 Elevon on vehicle configuration 4 (139B) wing

(VL70-000139B)

11
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19

20

21

107

Bagic vehicle configuration 3 (130) body flap
( VLT0-00C139)

Hodified OMS-RCS pod for the Rockwell International
SSV canfiguration 3 (VL70-000139B)

Twin LH yaw nozzle sized to simulate the center two
prototype 3 configurations (VLT0-0001LOA) RCS yaw
engines when tunnel Mach No. equals M_ for proto-
type trajectory

Twin LH yaw nozzle sized to simulate the center two
prototype 3 configurations (VL70-0001L40A) RCS yaw

engines at M_ = 28.3 q_ = 20 psf with tunnel Mach
No. equal to 10.3

Twin IH pitch down nozzle sized to simulate the
forward two prototype configuration 3 (VLT0-00014OA)
aft RC3 pitch down engines at M_ = 28.3, = 20
psf with tunnel Mach No. equal to 10.3. (Nozzles
are canted 12° aft end 20° outboard)

Same as N21’ except nozzles are pointed straight down

Twin RH pitch up nozzle sized to simulate the for~
ward two prototype 3 configurations (VLT0-0001L4OA)
aft RCS pitch up engines at M, 28:3, = 20 paf
with tunnal Mach No. equal to 10.3. (Nozzle are
pointed straight up)

Complete orbiter configuration consisting of B,  C
F M.V, R W.. E 197
S 6 1 °5 107 23

Pasic vehicle configuration 3 (139) rudder for
vertical tail (VLT0-000139)

Basic vehicla configuration 3 vertical tail-
(VL70-000139)

Vehicle configuration 3 (139B) wing (VL70-000139B)

12
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TEST FACILITY DESCRIPTION

The test program was conducted in air in the Ames 3,5-Foot Hypersonic

Wind Tunnel. This facility is a blowdown-type tunnel that utilizes a

pebble-bed heater to heat the air, and axisymmetric contoured nozzles to
provide flow Mach numbers of 5.3, 7.4, and 10.4. The nozzle walls are
insulated from the hot air stream by injecting helium into the nozzle

boundary layer through annular slots upstream of the throat. The tunnel

is equipped with a model quick-insert mechanlsm for quickly moving models

into and out of the air stream.

A high-speed, analog~to-digital data acquisition system is used to

record test data on magnetic tape. The present system is equipped to

measure and record the outputs from 80 thermocouples and/or other types

of transducers in addition to 20 channels of tunnel parameters.

13
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DATA REDUCTION

Force and moments measured by the-balance were resolved about body

and stability axes and reduced to dimensionless coefficients by standard ’

ARC date reduction methods. Corrections aeppiied to the data include model

static weight tare, balance and sting deflections and tunnel flow inclina-

tion. No adjustments were made to axial-force or drag coefficients for

model 3ase drag. Direct impingement force data, obtained without tunnel

flow, were re&uced to coefficients using the average dynamic.pressure of

the corresponding tunnel-on run.

Center-of-pressure location was computed in percent of body length

by:

Xop/ly = (Xgq = 2=—)/1,

S

where

x&c = location of reference center of gravity..aft of model nose.

IB = body length, inches

Reference Dimensions and Constants are as tollows:

Symbol Definition

Ab Fuselege base area, OMS pods on

Fuselage base area, OMS pods off

A, RCE pod area (two pods)
L7}
b Span, wing
xcc Reference C.G.
14

Value
0.0k5 £22
0.047 £t°

0.019 £t2

14.050 in.
12,58 in,
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DATA REDUCTION (Concluded)
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Symbol Definition Value {
' Zog Reference C.G. FRL (2=6.00)

; CL BAL X Center, balance force, measured from 16.63 in. .
X, = 0, See Figure 8. 1
CL BAL Z Centerline, balance W.L. 5.85 in. !
v
. c MAC, wing 7.122 in. i
'
IB Reference body length 19.35 in.

s Area, wing (ref.) 0-.605 f't2
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TABLE I

TEST $0A73 (ARC A5~ */47)
o TEST CONDITIONS
MACH NUMBER REYNOLDS NUMBER DYNAMIC PRESSURE }AGNATION TEMPERATURE
(per unit length) _ (pounds/sq. inch) (degrees Fahrenheit)
_10.29 172 %10 2.43 /540
BALANCE UTILZED: ARC / Task 1.0-w dwa. MK XIZ 8
CAPACITY: - -~ ACCURACY: CoEerCiENT
NF 800 4. 2% % * o0
SF 400 /(6. X/ WA £ .08
AF ‘20 ---&. s ﬁ z: r-.gggs
M LeRR-m b 2l L.00f
RN RE0 b, 2LZ Z.gcot
™ 660 . bb. t( % t 22"
COMENTS:  Nooma! balawce Semschuily u thht of Rell copacity; myher
values hr ode forca awd )mwma mument reflecof
Sensy /'“")' dee A ién-/"aﬁme-, evcessive awal/ fRrce
Shfis occurrad i russ 17,18,20, 2325, 27,
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TasLE III. ~ MODEL DIMENSIQNAL DATA

MODEL COMPONENT:  BODY - B19 1.
éENEML DESCRIPTION: Fuselage, Configuretion 3, per Rockwell Limms
V170-0001398.
' NOTE: Identical to By except forebody.
’; Model Scale = ,01%
E DRAWING NUMBER: V170-0001398
DIMENSIONS : FULL-SCALE MODEL SCALE
:‘t Length - 1IN, ' 12903 A9.35450
-t Max. Width - IN. 267.6 4.014
{ .
{ Max. Depth - IN. —llasS 366750
| Fineness Ratio L8275 4.82175
- Ares - F12
h | Max. Cross-Sectional 386,67 9.08700 |
% ' Planform
= Wetted. . _
_‘.'Z w. *‘ A
~! <
2
: v
o ¥
{ ol
.'5_“' A____._-.,_m-' —p T LA ik d: ] b m': 0 | pm—
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TABLE III, - MODEL DTMENSIONAL DATA - Continued.

MODEL COMPONENT:  Canopy - C7 !

¢
g

GENERAL DESCRIPTION: COnfigunt.ion 3 per Rockwell Lines VL70-000139

P

Model Scale = .O01S

DRAWING NUMBER . _Y170-000139

DIMZNSION: . . FULL SCALE MODEL SCALE

Length (Xo = 433 to X, = 670) - in. FS 237 3.5550
Mex Width
Mox Depth (Zo =  to 2o = 501) - 4n PS
Fineness Ratio
Areo

Max Cross-Sectional

Planform

Wetted

Base

25 . e - -
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TABLE 111. - MODEL DIMENSIONAL DATA - Cont'nued.

MODEL COMPONENT: _ELEVON - E23

GENERAL DESCRIPTION: Configuration 3 per W107 Rockwell Lines
V170-0001393, data for (1) of (2) sides

Model Scale = .018

DRAWING NUMBER: VL70-000139B
DIMENSIONS: ~ | FULL-SCALE = MODEL SCALE
Area - FT2 205.52 . 0.04624
Span (equivalent) - IN. 353.34 $.30010
Inb'd equivalent chord 124.78 1.72170
Outb'd equivalent chord 55,00 0.8250
Ratfo movable surface chord/ |
total surface chord
At Inb'd equiv. chord . 2208 +208
At Outb'd equiv. chord _ $400 2400
Sweep Back Aa;gles, degrees o
.. lexingEige """ Goo - 000
. "“'ﬁiling dge S S ,_-E_&_ - _-iq&__
. Hingeline 0.0 9000
Ares Moment (Normal to hinge 1ine)- FT3 _1548.07 9.00842

Product of Area Moment

]

26
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: __F5 Body Flap

GENERAL DESCRIFTION: 3 Configuration per Rockwell Lines VL70-000139

‘.
- .

Scals Model = | )15

'DRAWING NUMBER

71170-000139
DIMENSION: FULL SCALE MODEL SCALE
length - in 84,70 1.2708
Max Width - in 267.6 4.0140
Mox Depth .
Fireness Ratio ‘
Ano - Ft2 .
Mox Cross=Sectional .
Planform : W25 _0.03207
Watted '
Bose 38.0958 * 0.00857
: ;
] 27 e
ke e
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TABLE TII. - MODEL DIMENSIONAL DATA - Continued.

MODEL DIMENSIONAL DATA

MODEL COMPONENT : M5 pod (M6)

GENERAL DESCRIPTION : Basic Conﬁguration 3A OMS pods with non-metric

RCS engine housing and nozzles. Same geometry as ML.

DRAWING NUMBER : _VL70-0001398

DIMENSIONS :

Length

Max Width

Max Depth
Fineness Ratio

Area

Max. Cross—Sectional

Planform -

Wetted

28

FULL SCALE

MODEL SCALE
346.0 5.1900
108.0 1.620
113.0 1.695
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~ MODEL COMPONENT:

TABLE III. - MODEL DIMENSIONAL DATA - Contipued;

NOZZLES - N19

CENERAL DESCRIPTION: Basic configuraticn 3A- (VL70-000139B) ONS Mozzles wiih Cold Jet

Simlation. of Yaw Control (lateral Thrust) at Mach 10.3 Entry Condition

MODEL SCAIE = 0.C15

DRAWING NO.

DIMENSIONS FULL SCALE
Freestream Mach No. __10.3
No. of nozzles (Laft Side Only) 2
Expansion Ratio -~ 7 e
Dismeter~in. . ' Direct Scaling
Exit . ' : no§ Applicable
Throat —
Amﬁfn?.
Exit
. . . “M
. Throat . ....J--.—-.
Thrust Conteilirie B
X T - 1533.0 __
Y - . —
2 . 472.5 =
9

MODEL SCALE

22,

7.087

FORP L
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MODEL CONPONENT:
CENERAL DESCRIPTION:

TARLE I1I, - MODEL DIMEL IONAL DATA - Continued.‘

NOZZLES - 120

tion 4 139B) OiS M

les with Cold Jet

Simulation -of Yaw Control (Iateral Thrust) at Mach 28.3 Entry Condition

MODEL SCALE = 0,015

DRAWING MNO.
DIMENSIOIS
Freestream Mach No. iop 2

No. of nozzles

Expsnsion Ratio - = 7 °

(Left Side Only)

. 4

Dismeter~in. .

Exit

Throat

- e

'

- -

Ar“ ~‘\‘20

Exit

. Throat

Thrust Centerline '

X
X
2

-

F.S.

w. I‘.

30

FULL SCALE

|

" Divect Scaling.

Not Agglicable

MODEL SCALE

v

0.1629

0,0140

22,995

7.087




| - PABLE I1I. - MODEL DIMENSIONALDATA - Continued.
MODEL COMPONENT: __ NOZZLES - N2 |
CENERAL DESCRMIO“]' Basic Confi ion 3A O 1% Nez 3 J
o , Simulation of Combined Yaw/P.oll Control (Thrust Canted 12 Degrees Aft and 20 Degrges
/ : Outboard) at ¥ach"28.3 Entry Condition
i MODEL SCALE = 0.015
DRAWIIG KO.
DIMENSIONS 11, SCALE MODET _SCALE
w
L ' Freestream Mach No. _Simulation 28.3
f No. of nozzles (Left Side Only) . SR S —_—
2 _  Expansion Ratio T 77 —— 1159
= Dismeter~in. . | : :
IR . Direct Scaling :
{: - Bt .. ‘Not AppMesbls QMO
. 3 :: Throat | o 0.133¢
E | - et
v )
£ ' . ~ ,!
i Exit | _ 0.01629
.,; § . Thront 1. 0.0105 T
r ‘ - « e . “.
:\i Thrust Centerline
% X F.S. . A533.0 22,997
4 Ca
; T B.P : D FTY 1.750

a—————————
7.7

]
i T ————" -
!
i
8 -

31
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- TABLE III. - MODEL DIMENSIONAL DATA ~ Continued. .
. | p
MODEL COMPONENT: _ NOZZLES - Noo
- ENERAL DESCRIPTION: Basic Configuration 3A (VL70-000139B) Nozzles with Cold Jat
NE Simulation of Roll Control (Vertical Thrust) at Mach.28,3 Tmtry Condition, left Side
© Hozzles )
dl MODEL SCAIE = 0,015
|4
i
X DRAWING NO,
1. PIMENSIONS FULL SCALE MODEL SCALE
N 4 .
.  Freestream Mach No. __Simulatior
’ e e e o . >
No. of nozzles (Left Side Only) . . 2 —
Expnsion Ratfo T TT T = —d1s9 :
L] \ ' : 1
mnneter~in. : . 1
i ) _Direct Scaling
- Bxit . : ’ : . “Ot'AE&C&bl. 0.1.40 I
3 . Throat R " 0.1338 3
4 e T B s |
: 1 Bxit , ] 02629
-1 . Throat ’ | - 01405
1t "Thrust Centerline .. . .
i x Fs. . 1533.0 22.995
* . e
-: : ! Bopc ' '. ’ . 116.7 i 10750
_- . i. . R A ———
' , ' A ) | — - == )
‘ | | ] "
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TABLE III. - MODEL DIMENSIONAL DATA - Continued R
t MODEL COMPONENT: _ NOZZIES - Np3
CENERAL DESCRIPTION: 3asic Confimuration 3A 0000, } U=
lation of Roll Control (Vertical Thrust) at Macn,- 28,3 Entry Condition, Right Side
, . _ Nozzles ‘
: MODEL SCAIE = 0.015 :
; | DRAWING NO, !
DIMENSIONS B FULL SCAIE  MODEL SCAIE
_Freesft_'.xieam Mach No. Simulation 28,3
No. of nozzles (Right Side Omly). .. .. .. - R . .. i
': Expen'si..on Ratic = 77 ' _ o o o _2.189 :
Dismeter~in. | R . . . : "
‘ _Direct Scaling :
| Exit ...+ ’Not Applicable _ Q140
Throat L. 0.3
2 _‘" ,~ - --.,._: : N o '?
t. :
i , Avea ~1p2.
1 ﬁ_) Exit 01629
h . Throat . . J . .01105
V1 Thrust Centerline .
i) X = 1533.0 22,995
Y C . ' 6.7 1.750
2 N -

l

33
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T4olk 11T, - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: RUDDER - RS

GENERAL DESCRIPTION:

27, 3 and 3A Configmtion rer Rockwell Lines

Product of Area and Mean Chord

3%

VYL70-000095
Model Scele = ,015
DRAWING NUMBER: VL70-000095
DIMENSIONS : FULL-SCALE MODEL SCALE
Area - FT2 106,38 . 0,024
Span (equivalent) - IN, . 20).0 3,015
Inb‘d equivalent chord 91,585 1,374
Outb'd equivalent chord. . 50.813 0,762
Ratfo movable surface chord/
total surface chord
At Inb'd equiv. chord 0,400 0.400 .
At Outb'd equiv. chord . 0.400 0.400-
Sweep Back Angles, degrees )
Leading Edge 4,83 34,83
Tailing Edge 26,25 26,25
Hingeline 34.83 383 4
Area Moment (Normal to hinge line)- F13 _ 526,13 0.0028
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DRAWING NUMBER:

“ s
LY N

TAsie 111, - MODEL DIMEUSIONAL DATA - Continued,

MODEL COMPONENT: VERTICAL ~ V2

GENERAL DESCRIPTION: Cepterlipe vertical tail, doublewedre sirfoil with

rounded lcadinz edee.

NOTE: _Seme es V5, but with manipnlator housing removed.

Mode) Scale = .0195 N

DIMENS IONS ¢
TOTAL DATA

Area (Theo) Fté
Planform .

Span (Theo) In

Aspect Ratio

Rate of Taper

Taper Ratio

Sweep Back Angles, degrees
Leading Edge
Tratlding Edge
0.25 Element Line

Chords:
Root (Theo) WP
Tip (Theo) WP
MAC

Fus, Sta, of .25 MAC
W, P. of .25 MAC
8. L. of .25 MAC

Airfoil Section
Leading Wedge Angle Deg
Tratling Wedge Angle Deg
Leading Edge Radius

Void Area - *

Blanketed Arca

V1.70-000139

FULL-SCALE MODEL SCALE
_425.92 0.09583
. T4.73580
A% I‘.Zﬁ?‘“
45.000 Az.'ooo
26,249 26,249
_'7___,__2_1'?"'. 0 LI
268.50 4,02750
'To'e".i"z " 1.62705.
199,81 2.9915
) 21,9525
35522 —ta 23283
—00 —Co
10,000 10.000
——t 30320 daa20
2,0 0,0300
13,17 0,0029¢
0,00 0,00

L e e . e e S

| - LA
e e o i

. ks AR

P AR - -



o Y ohe 1L, - MODET, DIMLSTOUAL DATA - ¢ qioTuded,
MODEL COMPONENT: __ WING-W .-

GENERAL DESCRIPTION:

Confi~ruration 3 rer-Rockwell Lines VI1.70-0001%%%

NOTE: Same as /1103, except cuff, airfoil and incidence anrle.

Mode) Scale = ,01$%

i . 6

JEST NO, OWG. NO,_V1.70-0CO139R
’DIHENSIONS: FULL-STALE MODEL_SCALE
TOTAL DATA 2
u;l 1!eo.) Ft
anform 2690.00 0.60525
Span (Theo In, X 4,050520
Aspect Ratio 2;225 'g"f 225"2" ~
%ate o\"u‘r:per : 1,177 1,177
aper Ratio : 0,200 0,200
Dihedral Angle, degrees /@ TE of Elevon) 3,500 3,500
Incldence Angle, degrees 0.500 0,500 _ .
Aerodynamic Twist, degrees 43,000 43,000
Sweep Back Angles, degrees .
. Leading Edge i s 000, 43,000
Trailing Edge —i02h. AL
o rg.zs Element Line 35,200 . 35,709
ords:
Root z'l’heo B.Ps0.Cs —689.2% 10.33860
Tip, (Theo) B.P, ~—b37.85.. ~2.06775,
MAC echZhaB).  _T.2a215%
Fus, Sta. of ,25 MAC RSN A21:03332,
WP, of .25 MAC —239.20 —4.4880
B.L. of .25 MAC ) - U & W —$413135,
EXPOSED DATA 2
a (1heo Ft 1762,29 0.39426
gn.t('gne?) In. 8P108 2
ect Ratio > ﬁ&z.
Tapar atio —C O
s
Root BP108 562.40 §.4360
TiR1.00 —ore- s
MAC 393.03 5,89545
Fus. Sta. of .25 MAC 31 2132965
H.P....of .25 MAC - —A&m—
. B.Lc-of 125 W\C 1. m_
P Afrfoil Section (Rockwell Mod NASA)
s XXX h=b4
i Root % - 0.0 0.10
B Tp % - 0.12 0.12
. Data for 23 ofggz) gig:s
. n e Cu
3 Blantomn Area " Fe2 o 1.5 il e+ L1V
L teading Edge Intersects Fus M, L. § Sta -0 2.5000
_f Leading Edge Intersects wing @ Sta 0834 16.2530

by s 7
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T T
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b B e A e e

nE
't
3 )
; YAW_CONFIGURATION
_} THROAT. EXIT
PASH| NO, OFFBIA, RRER |- DTA. [AREA |EXPANSION
nn N, MozzLFs|ern.y leIn.?) | cenoy | ane?dy] maTio NOTES
b ! 19 2 |[0.0437 b.oo1s10.1440 [0.01629( 10.81 |L/H FIRING NOZZLES
3 SIMULATING M= 10.3
; FLIGHT CONDITIONS
i e 20 2 [0.1338 P.01405[0.1440 0.01629] 1.159 [SIMULATING Mg = 28.3
} ; ! FLIGHT CONDITIONS
4
i 11 TWIN NOZZLE L/ FIRING
§ —of | fa—. 2025
N EXIT .
£l l | MA»}_%@E"W’ PIA.
. 8 A7 O S~ 7 pme—— |
B M 1 [} P
§ ‘ '
g |
i. i
N ROLL CONFIGURATION
i -8 ‘ ’ 21
% i DASH |No. OF LLAY T EXPANSTON '
N NO. INozzLes{ DIA. ARE& 1) ¥ ')\REQ RATIO NOTES
. ‘ angy fanA oo fond
: | ; DOWNWARD FIRING L/F
¢ B -21 2 | o.1338 Jo.01405]0 1440f0.01620] 1.150 [NPEZLE CANTED 120
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